In order to explain the high-redshift supernovae Ia observations together with the recently made precise observations of the CMB anisotropy by WMAP, the standard big bang cosmology has to invoke some hypothetical matter with unnatural properties which is very speculative. This casts doubts upon the foundations of the standard cosmology and suggests that some theoretical concept may still be missing from the theory.
The present-day cosmology is passing through a critical phase. If one believes in the standard big bang cosmology, then the current observations seem to favour a universe in which most of the content is 'dark', which though does not appear to resemble any known form of matter tested in the laboratory. This strange constituent has been predicted by the theory to occur in two forms: (i) First is the dark matter, consisted of, as yet, undetected non-baryonic particles originally predicted to solve the problems of structure formation and of the missing mass in bound gravitational systems such as galaxies and clusters of galaxies. However, there is not only disagreement over whether dark matter is predominantly cold or hot, but also there is no satisfactory observational evidence for the postulated particles in laboratory physics. The predicted density distribution of dark halos which result from N-body simulations [1] , appears to be inconsistent with observations of spiral galaxies [2] or with strong lensing in clusters of galaxies [3] . It is therefore fair to say that this proposal has not succeeded.
(ii) Second is the dark energy, which is even more mysterious and has a negative pressure. This may be identified with the cosmological constant Λ or the zero-point energy density of vacuum. This poses the well known formidable problems which have not been solved yet: Why does it have an unnaturally low energy density, 10 −122 in Planck units? And if the energy density of vacuum remains constant but that of matter dilutes with the expansion of the universe, why are their energy densities so comparable at the present epoch? A popular approach to these problems is to invoke an ad-hoc self-interacting potential (quintessence field). However, firstly, the quintessence field has not been identified, and secondly, a derivation of the potential from the first principles is still lacking.
Apart from this, there are also discrepancies between the theory and the observations. I mention the following two. (i) The distances measured in cosmology by two different methods − the luminosity distance d L (by using the apparent luminosity of standard candles) and the angular diameter distance d A (by using the apparent size of the standard rulers) − are related by
which is known as reciprocity or distance duality relation and is expected to hold for general metric theories of gravity. However, the combined supernovae (SNe) Ia data [4] (providing d L ) and the data on the radio galaxies, compact radio sources and X-ray clusters [5] (providing d A ) are in disagreement with the reciprocity relation at 2σ [5] .
(ii) There is also a discrepancy between the light elements abundances and the Wilkinson Microwave Anisotropy Probe (WMAP) [6] . The baryon density measured by the WMAP experiment or the primordial D abundance is much higher than the one measured by the He 4 or Li 7 abundances [7] .
Most works in cosmology are, at present, dedicated to refining minor details of the standard cosmology and do not care about having a deeper insight of the foundations of the theory. The possibility is that some theoretical concept might still be missing from the theory. In this essay, I point out towards such a concept which, as far as I know, has not been taken care of before in the framework of the standard cosmology. This is the rotation of the astronomical objects.
We know that the largest structures of the universe, the galaxies, are rotating. These contain subsystems, from solar-like systems to stars to planets to asteroids, which rotate. They all possess (kinetic) energy of rotation associated with their angular momenta. As all kinds of energy and momenta couple to gravity (according to Einsteins theory), this energy must also find space in the Einstein field equations. One may, however, argue that the angular momenta of different galaxies, oriented randomly, will cancel out on large scales. However, this cannot be true for the energy associated with their rotations, which is a scalar quantity. In the following, we shall see that if this effect is taken into account, in the way the recent observations indicate, then it will have important consequences and one can explain the observations without invoking the hypothetical dark matter and dark energy.
In order to incorporate the rotation of galaxies into Einsteins field equations, the correct way would be to find the energy-momentum-angular momentum tensor of the matter content, which though requires much more theoretical understanding of the problem and its consequences for related issues. However, one can make a very crude estimation of the contribution to the energy density of the universe from this effect in the following way. If one approximates the milky way as a rigidly rotating flat disk with constant density, then the kinetic energy associated with its rotation can be estimated by
where M ≈ (7.5 − 10) × 10 11 M ⊙ is the mass of the milky way and R and ω are its radius and angular speed respectively. By considering R ≈ 25 kpc and ω ≈ 1 revolution per 220 million years, this energy comes out as ≈ 10 11 M Joules (where M is measured in kg). This is equivalent to a mass (m = E/c 2 ) of 10 −6 M kg. Thus the ratio of this mass to the mass of the milky way, or the ratio of the corresponding energies, is about 10 −6 . This is also equal to the ratio of the corresponding energy densities (obtained by dividing this ratio by the average volume of space per galaxy). In order to compare the contribution of the angular KE density with the cosmological energy density, one can write the ratio in terms of the energy density parameter Ω ≡ ρ/ρ critical (i.e., the energy density in units of the critical density ρ critical = 3H 2 /8πG). Thus the contribution of the angular kinetic energy density to the cosmological energy density from the milky way-like galaxies is negligible: Ω rotation ≈ 10 −6 Ω matter only. The corresponding contribution from the individual stars is even smaller. However, for more massive galaxies this contribution can be significantly higher. Note that our own milky way is on the light weight-side. As more massive galaxies have more gravity, their stars are accelerated to faster orbital speed. Hence more massive galaxies rotate faster. Thus for a galaxy with a diameter only 25 times that of the milky way and angular speed only 25 times that of the milky way, the Ω rotation will be of the order of its Ω matter . For a galaxy with size and angular speed only as large as 50 times those of the milky way, the Ω rotation ≈ 10 Ω matter . And for a galaxy with size and angular speed as large as 100 times those of the milky way, the Ω rotation ≈ 150 Ω matter . These contributions are obviously too large to be neglected.
Recalling that Ω matter ≈ 0.04, it seems that it is very much possible to have Ω total ≈ 1, without invoking any hypothetical dark matter or energy, if one just takes account of the energy associated with the rotation of massive galaxies and if the universe is laden with massive galaxies. This picture also appears consistent with the recent direct observations of a great abundance of massive old galaxies observed by Gemini Deep Deep Survey [8] . This survey, which used a special technique to capture even the faintest galactic light, covered more area than the previous surveys and found a great abundance of giant galaxies with mass > 10 10.8 M ⊙ at z > 1. These observations pose problem for the current hierarchical paradigm of galaxy formation which believes that massive galaxies form from the merger of smaller units. This process is however slow and takes billions of years. However the survey found these fully formed and mature galaxies at a time when the universe was just about 20−40 percent of its present age. This raises the question "why do galaxies in the young universe appear so mature? One may doubt whether this way of making Ω total ≈ 1 without invoking any dark energy is consistent with the current observations. There seems to be an impression in the community that the current observations, particularly the high redshift SNe Ia observations and the measurements of the angular power fluctuations of the CMB, can be explained only in the framework of an accelerating universe. This, however, does not seem correct. Although the interpretation of the CMB anisotropies has emerged as the single most important tool to examine a theory, one must bear in mind that the conclusion drawn do rest upon a number of assumptions, and the results are altogether not as robust as we are often led to believe. Taken on their face value, the CMB observations made by WMAP make the only apparent prediction that Ω total ≈ 1 and the decelerating models (for example, the Einstein-de Sitter model with Ω total = 1) are also not ruled out [9] . The accelerating expansion is mainly motivated by the high redshift supernovae Ia observations. It however seems that the predictions of these observations depend on how they are analysed, which though is not correct. When the low-and high-redshift data points are analysed separately, they admit decelerating models without having any dark energy. However, when combined together, they rule out these models [10] . Ironically the updated SNe Ia data set even rules out the preferred flat model with Λ at a high degree of significance, which was favoured by the earlier version of the data [10] . This casts doubts upon the credibility of these observations and until more accurate data is available, one cannot believe their predictions. It may also be noted that in the earlier version of data (which rules out the decelerating models otherwise), if one takes into account the absorption of light by the inter-galactic metallic dust (ejected from the supernovae explosions) which extinguishes radiation travelling over long distances, then the observed faintness of the extra-galactic SNe Ia can be explained successfully in the framework of the Einstein de Sitter model [9] .
If one however wants to impose the requirement for an accelerating expansion in the present framework of rotation of galaxies, then this would imply that the galaxies do not have random orientations so that their angular momenta do not cancel out completely. In this case there will be a net, non-zero, angular momentum left out. That is, the universe will have some non-zero angular momentum or rotation. The centrifugal force experienced by the galaxies, then, can represent the repulsive force which we attribute to the dark energy. This would mean that the rotation axes of the galaxies are not altogether randomly oriented. This might also explain why galaxies have the shape and size they have and why most of the universe is dominated by structures that violate radial symmetry.
Though it would be only the more accurate observations which will decide whether it is possible to have Ω total = 1 from the angular kinetic energy of massive galaxies, however, at least this much is clear from the above that this effect cannot be avoided, since its contribution to the cosmological energy density is too large to be neglected. However, this is just the beginning of the story and to incorporate this effect into a formal theory is a major task which is still to be done.
